Introduction
Dentatorubropallidoluysian atrophy (DRPLA) is an autosomal dominant neurodegenerative disease characterized by a variable combination of progressive ataxia, epilepsy, myoclonus, choreoathetosis and dementia. 1 This disease is caused by a (CAG) n expansion in the coding region of a gene on chromosome 12p13. 2 Normal alleles have usually up to 35 repeats and are highly polymorphic, whereas pathological alleles have 40 -100 CAG repeats, and show somatic mosaicism and intergenerational instability, mainly upon paternal transmission. 3 The DRPLA mutation is most prevalent in Japan, but several families of nonJapanese ancestry have been identified. 4 -7 Expanded DRPLA alleles of Asian and Caucasian ancestry all share a common haplotype, which is also associated with larger normal alleles commonly found in Asians. 3 Association between prevalence of dominantly inherited SCAs and the frequency of large normal alleles indicated that these may contribute to the generation of expanded alleles. 7 In
Portugal, we have identified four families with DRPLA, but no association between the frequency of the DRPLA mutation and the frequency of large normal alleles has been found. 8 To identify the origin of expanded DRPLA alleles in the Portuguese families, we performed a haplotype analysis with three intragenic DRPLA polymorphisms, in both disease and control chromosomes of Portuguese origin.
Subjects and methods
Genomic DNA from four Portuguese families with DRPLA and 20 control families was obtained as previously reported, 9 after written informed consent was given. As far as we know, these families are not related to each other and do not have known Asian ancestry. PCR reactions to detect the A and B polymorphic sites and the CAG repeat in the DRPLA gene were performed with primers previously described.
3 Figure 1 is a schematic representation of the studied polymorphic sites in the DRPLA gene. PCR was carried out with 1 mM of each primer;
200 mM of dNTPs; 1 mM MgCl 2 ; 10 mM Tris, pH 9.0; 50 mM KCl; 1 U of Taq polymerase, and 2% formamide, in a final volume of 25 ml. The A polymorphic system results from a single A1010G variant in intron 1 at approximately 3500 bp from the (CAG) n in exon 5. We used the same system as Yanagisawa et al, 3 naming alleles A1 and A2
when base A or G was present, respectively. The B polymorphic system is due to a T1865C substitution in intron 3, at approximately 2500 bp from the CAG repeat; alleles have also been named B1 and B2 for the presence of base T or C, respectively, according to Yanagisawa et al. The A system was assessed by SSCP analysis, after PCR amplification with primers DALUR and SNP-A-F (5 0 -CCACCTAGGCCTCCCAAAGTGC-3 0 ). The B system was amplified by PCR, with primers DGTF and DGTR, prior to its typing by SSCP analysis. Whenever required, the phase between the polymorphic system A and the (CAG) n was determined by cloning PCR products of primers DALUF and DR2124, encompassing the A, B and (CAG) n polymorphisms, using the TOPO TA cloning Kit (Invitrogen). The CAG repeat size was assessed by PCR, with primers CTG-B37F and CTG-B37R, followed by electrophoresis of the resulting products in a 6% polyacrylamide gel. The polymorphism for the A system was identified by sequencing with primer DALUR. Allele-specific PCR reactions, with primers Eco81I T or Eco81I C and DR2124, were performed to determine the phase for the B polymorphic system and the CAG repeat. Then, CAG repeat sizes were assessed in each PCR product.
Possible differences in the distribution of haplotypes between Portuguese and Japanese, African and Caucasian populations were assessed through the w 2 test for goodness of fit.
Results
Haplotypes in Portuguese families with DRPLA In all, 24 independent chromosomes from 12 members of four DRPLA families were analyzed. Phase for the A, B and (CAG) n polymorphisms was determined by allele-specific PCR or by cloning PCR fragments of this entire region. We observed the presence of haplotypes A2-B2, A1-B2 and A1-B1, but not the A2-B1 as reported in other populations. 3 Our results showed that all expanded alleles had the A1-B1 haplotype ( Figure 2 ).
Haplotypes in normal chromosomes
We further studied 67 chromosomes from 20 control families of the Portuguese population. Haplotypes from each chromosome were determined based on their segregation pattern. Figure 3a shows the distribution of CAG repeat sizes, together with the frequency of each haplotype associated. The A2-B2 haplotype was exclusively present in small alleles of 7 -15 CAGs, whereas the A1-B2 haplotype was seen in a range of alleles with 8 -21 repeat units. The A1-B1 haplotype was observed in alleles greater than 15 CAGs. Distribution of CAG repeat sizes together with the frequency of associated haplotypes in the DRPLA gene has been reported in normal populations. 3 These published data in Caucasian (84 chromosomes), Japanese (142 chromosomes) and African (52 chromosomes) normal individuals were used to assess differences in distributions.
In the Portuguese group, the A1-B1 haplotype was the less frequent, whereas the A1-B2 was the most frequent ( Figure 3b) ; this frequency distribution was not significantly different from that found in the Caucasian population (P ¼ 0.081). On the other hand, it was significantly different from that found in Japanese normal chromo- 
Discussion
In this study, we showed the presence of a common haplotype in all expanded DRPLA chromosomes from four Portuguese families. This haplotype is also the same as that found in all expanded DRPLA chromosomes of Japanese origin and in expanded alleles from two Caucasian families with DRPLA. 3 The lack of association between the frequency of DRPLA and the frequency of large normal alleles in the Portuguese population suggested the introduction in this group of a specific haplotype prone to expansion. To test this hypothesis, haplotype analysis was performed in control and DRPLA chromosomes from Portuguese families. The A1-B1 haplotype was present in all expanded DRPLA chromosomes. It was also present in larger normal alleles in our population. Although this is the most frequent haplotype in the Japanese normal population, 3 it is the less frequent in normal Portuguese alleles. Thus, the presence of the DRPLA expansion in the Portuguese population seems to be due to the introduction of a founder disease haplotype in Portugal. In this case, two possibilities seem plausible. First, the haplotype is predisposing to expansion, and this predisposing haplotype was introduced into the population. Second, alleles with expansions were directly introduced in Portugal. To distinguish these two hypotheses extended haplotypes with DRPLA nearby STRs in normal and disease alleles could be studied. The absence, in normal alleles, of a haplotype that is in linkage disequilibrium with the mutation would favour the hypothesis of a direct introduction of expanded chromosomes. According to previous findings in rodents and primates, the A2-B2 is the ancestral haplotype of the DRPLA gene. 3 A multistep model has been proposed, in which two mutational events were created: first, a change to the A1 allele in a chromosome with about 15 CAGs; and, then, the change into a B1 allele, in a chromosome with around 17 CAGs. 3 As the A1-B1 haplotype is the most common in the Asian population, the event that originated the B1 allele probably took place in this group. Thus, our results strengthen the hypothesis that the DRPLA founder mutation has occurred in an ancient haplotype of Asian origin.
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